The microstructure of heterogeneous materials based on Ni and B4C powders using a cold spray and stratified selective laser melting technologies by Filippov, A. A. et al.
24 
 
THE MICROSTRUCTURE OF HETEROGENEOUS MATERIALS BASED ON NI AND 
B4C POWDERS USING A COLD SPRAY AND STRATIFIED SELECTIVE LASER 


















 Khristianovich Institute of Theoretical and Applied Mechanics of the Siberian Branch of the 
Russian Academy of Sciences, Novosibirsk, Russia 
2 
Novosibirsk State Technical University, Novosibirsk, Russia 
3 
Novosibirsk State University, Novosibirsk, Russia 
a
filippov@itam.nsc.ru 
The work is dedicated to the creation of new ceramic-composite materials based on boron 
carbide, nickel and using a laser treatment in order to obtain three dimensional objects henceforth. 
The perspective way of obtaining which has been suggested by the authors combined two methods: 
cold spray technology and subsequent laser post-treatment [1,2]. At this stage, the authors focused 
on the interaction of the laser with the substance, regardless of the multilayer object development. 
The investigated material of this work was the metal–ceramic mixture based on boron carbide, 
which has high physical and mechanical characteristics, such as hardness, elastic modulus, and 
chemical resistance. The titanium alloy VT-20 was used as substrate. The nickel powder as a binder 
and different types of boron carbide were used. The ceramic content varied from 0 to 90% by mass 
in initial mixture. The cold spray coating thickness was ranged from 250 to 50 μm. Cold spray 
coatings could characterized as heterogeneous cermet coatings (Fig. 1a) with low porosity and 
ceramic content at range 0 to 27% by mass . After laser melting (Fig 1b) is shown compaction of 
deformed nickel particles, reduction of pores in the volume, smoothing of the coating surface, 
disappearance of the boundaries between the coating particles. 
  
Figure 1. SEM-image cold spray coating pure nickel a) before and b) after laser treatment 
Thin ceramic layers were obtained by the combined method and cross-sections microstructure 
of different seams were studied. It was shown that at low ceramic concentrations melted coating 
contains bubbles with ceramic particles. At ceramic concentrations 90% in initial mixture a 
continuous cold spray coating layer transforms to seams under laser radiation. There are some 
chemical reactions in the seam cavity (Fig.2 a,b). The authors made an assumption about the 




Figure 2. SEM-image the seam cavity cermet coating with different magnification:  
a) 250X, b) 2000X 
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